Muramyl dipeptide potentiates a Bacillus anthracis poly-γ-d-glutamic acid capsule surrogate that induces maturation and activation of mouse dendritic cells.
Poly-γ-d-glutamic acid (PGA) of anthrax is an important pathogenic factor due to its anti-phagocytic activity. Additionally, PGA has the ability to activate mouse macrophages for the secretion of cytokines through Toll-like receptor (TLR) 2. Peptidoglycan (PGN), a major bacterial cell-wall component, induces inflammatory responses in the host. We assessed whether PGA can induce maturation and cytokine expression in immature mouse dendritic cells (DCs) in the existence of muramyl dipeptide (MDP), the minimum motif of PGN with immunostimulatory activity. Stimulation of immature DCs with PGA or MDP alone augmented expression of costimulatory molecules and MHC class II proteins, which are all cell surface markers indicative of maturation. The observed effects were further enhanced by costimulation of PGA and MDP. PGA alone was sufficient to induce expression of TNF-α, IL-6, MCP-1, and MIP1-α, whereas MDP alone did not under the same conditions. Treatment with MDP enhanced PGA-induced expression of the tested inflammatory mediators; however, the synergistic effect found for PGA and MDP was not observed in TLR2- or nucleotide-binding oligomerization domain (NOD) 2-knockout DCs. Additionally, MDP augmented PGA-induced MAP kinases and NF-κB activation, which is crucial for expression of cytokines. Furthermore, MAP kinase and NF-κB inhibitors attenuated MDP enhancement of PGA-induced cytokine production. In addition, co-culture of splenocytes and PGA/MDP-matured DCs induced higher expression of IL-2 and IFN-γ compared to that of splenocytes and PGA-matured DCs. Collectively, our results suggest that PGA and MDP cooperatively induce inflammatory responses in mouse DCs through TLR2 and NOD2 via MAP kinase and NF-κB pathways, subsequently leading to lymphocyte activation.